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Previewspool of kinetochore PP2A-B56 in the
control of kinetochore-microtubule at-
tachments has not yet been tested. This
pool could explain the relatively mild
effects of the phosphomimetic and phos-
phodeficient BubR1 mutants on microtu-
bule attachment, as well as their lack of
effect on Hec1 phosphorylation. More-
over, a recent study demonstrated that
defects of stable microtubule-kineto-
chore attachments in BubR1 knockout
oocytes could be rescued by expression
of a BubR1mutant (BubR1 E406K) unable
to localize at the kinetochore (Touati et al.,
2015). Thus, BubR1 (and perhaps also
PP2A-B56) has an additional role in kinet-
ochore-microtubule attachment stabiliza-
tion that does not require its kinetochore
localization. It will be interesting to test
whether a BubR1 phosphodeficient
KARD mutant that cannot localize to
the kinetochore is sufficient to rescue
the chromosome attachment defects
observed in the BubR1 knockout oocytes.
Remarkably, Yoshida et al. (2015)
showed that expression of the BubR1
phosphodeficient KARD mutant that de-
lays stable attachments did not change
the kinetics of chromosome stretching.
This suggests that the stretching phaseoccurs probably primarily through lateral
interactions between kinetochores and
microtubules. In mitosis, the kineto-
chore-localized minus-end-directed mo-
tor Dynein mediates these lateral interac-
tions. Depletion of the Dynein kinetochore
adaptor Spindly during meiosis should
enable testing this hypothesis (Griffis
et al., 2007). The authors also demon-
strate that during the chromosome-
stretching phase, kinetochore-micro-
tubule attachments are continuously
destabilized, as shown by their dramatic
increase following Aurora B/C inhibition.
Strikingly, attachments that are formed
upon Aurora B/C inhibition during this
phase are correct and thus potentially
able to sustain bivalent chromosome bio-
rientation. In contrast, earlier Aurora B/C
inhibition, before assembly of a bipolar
spindle, leads to a dramatic increase
of improper merotelic attachments. This
result shows that, at least during the
stretching phase in mouse oocytes,
Aurora B/C continuously destabilizes
potentially correct end-coupled kineto-
chore-microtubule attachments. Yoshida
et al. (2015) propose that this seemingly
counterproductive action of Aurora B/C
during the chromosome-stretching phaseDevelopmental Cecould explain the high rate of chromo-
some segregation errors observed in
mammalian oocytes.REFERENCES
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Tricellular junctions tightly seal epithelia at the corners of three cells. In this issue of Developmental Cell, Byri
et al. (2015) show that Anakonda, a novel Drosophila transmembrane protein, contains an unusual tripartite
extracellular domain organization, which explains the tripartite septum filling the tricellular junction, previ-
ously revealed by ultrastructure analysis.Metazoan life depends on the function of
transporting epithelia, which selectively
exchange substances with the environ-
ment. Tight junctions (TJs) in vertebrates
and septate junctions (SJs) in arthropods
limit the free diffusion of water and sol-
utes through the space between epithe-
lial cells, also known as the paracellular
pathway. Early ultrastructural analysesby freeze-fracture electron microscopy
showed that TJs and SJs at bicellular
junctions (BCJs) are composed of
strands that run parallel to the epithelial
plane and/or anastomose with each
other (Claude and Goodenough, 1973;
Staehelin, 1973). The strands are formed
by rows of transmembrane proteins,
which are tightly connected by theirextracellular domains. However, sites
where three cells contact, called tricellu-
lar junctions (TCJs; Figure 1A), require
particular proteins to seal the epithelium.
In vertebrate TCJs, two vertical strands
of central sealing elements spaced by
10 nm are associated tightly and later-
ally within individual plasma membranes,
resulting in the formation of a centralll 33, June 8, 2015 ª2015 Elsevier Inc. 501
Figure 1. Structure of Tricellular Junctions and Anakonda
(A) Schematic representation of three epithelial cells of arthropods indicating the localization of the zonula
adherens (ZA) and the septate junctions (SJs). (B) Schematic representation of the tricellular junction
highlighted in the green cube in (A). Note that the septa change their course and become parallel alongside
the junction line between the three cells, and a ‘‘diaphragm,’’ which is Aka (orange), fills the space between
the limiting strands (green). (C) Aka is required to maintain the dihedral angles of three adjoining cell
membranes at 120. (D) Tripartite structure of Anakonda. SP, signal peptide. TM, transmembrane region.
ETAM, PDZ-domain binding motif.
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Previewstube (Furuse et al., 2014; Staehelin,
1973). In vertebrates, two integral com-
ponents of the TCJs have been identified
thus far: Tricellulin, a tetramembrane-
spanning protein, and the lipolysis-stimu-
lated lipoprotein receptors (LSR-Angulin
family), which are type I transmembrane
proteins. The physiological importance
of the TCJ in sealing the paracellular
pathway is highlighted by the iden-
tification of mutations in tricellulin and
angulin-2, which are associated with
recessive non-syndromic familial deaf-
ness (Riazuddin et al., 2006; Borck
et al., 2011). Indeed, Angulin-2 null mice
exhibit profound deafness due to post-
natal degenerative loss of hair cells in
the cochlea (Higashi et al., 2015).
Ultrastructural analyses of arthropod
epithelia revealed that cell mem-
branes appear connected by ladder-like
‘‘bridges’’ or septa, hence called septate
junctions, which localize basal to the
zonula adherens (Figure 1A). The strands
of the SJs exhibit different characteristic
features both near and at TCJs. SJ strands
between two cells change their course and
align parallel to the junction between the
three cells (Figure 1B). The most central
strands (limiting strands; Figures 1B and
1C, green) are joined by a series of regu-
larly spaced bridges, which were inferred502 Developmental Cell 33, June 8, 2015 ª20to be composed of an extracellular ‘‘dia-
phragm’’ (Figures 1B and 1C, orange)
associatedwith the three linked cell corner
membranes. The extracellular space be-
tween the three apposed cell corners is
very small, as the limiting strands are
separated by 25–40 nm (Graf et al.,
1982; Noirot-Timothe´e et al., 1982). Glio-
tactin (Gli), a cholinesterase-like molecule
without enzymatic function and member
of a class of adhesion proteins termed
the electrotactins, was the first molecular
component of the invertebrate TCJ to be
identified (Schulte et al., 2003). Mutations
in Gli lead to mislocalization of the SJ
markers Neurexin-IV, Disc large, and
Coracle, although theseptaarestill detect-
able in Glimutants (Schulte et al., 2003).
In this issue of Developmental Cell, Byri
et al. (2015) report the identificationofAna-
konda (Aka) as an integral component of
Drosophila TCJs. They show that ana-
konda mutant embryos exhibit over-
elongated and tortuous tracheal tubes
and defective epithelial barrier function, a
phenotype reminiscent of mutations in
known SJ components. Aka is a type I
transmembrane protein with a large and
unusual tripartite extracellular domain
andaC-terminal class I PDZ-domainbind-
ingmotif (PBM) that is conserved in insects
and nematodes (Figure 1D). Aka localizes15 Elsevier Inc.to TCJs, and its localization is independent
of BCJ formation. Aka is required for the
assembly and correct geometry of TCJs,
but not of BCJs. Indeed, aka mutant em-
bryos show holes between neighboring
cells of the tracheal epithelium even
though the BCJs are detectable, a pheno-
type similar to that observed in Glimutant
embryos (Schulte et al., 2003). The BCJ
septa components Sinuous and Coracle
and the Na+ pump a-subunit are properly
localized in aka mutants, in contrast to
Fasciclin3,whichspreadsalong the lateral
domain. Importantly, Akaco-localizeswith
Gli at TCJs, and Gli recruitment to TCJs
depends on Aka, while Aka localization at
TCJs is independent of Gli. Thus, Aka
appears to be instrumental in initiating
the formation of TCJs. Interestingly, Byri
et al. (2015) also show that an Aka protein
lacking the PBM is capable of rescuing
tracheal defects and Gli localization at
TCJs, indicating that the PBM in Aka is
not required to maintain its TCJ localiza-
tion. From this the authors conclude that
the extracellular domain of Aka is involved
in clustering the protein at the TCJs.
The organization of the extracellular
domain in fact suggests its involvement in
clustering Aka proteins in the TCJs. One
of Aka’s predicted isoforms is 303 kDa in
size and could span the 25–40 nm lumen
of the TCJ canal. Three repeat regions,
each composed of three protein-protein
interaction domains (Figure 1D), are highly
suggestive to organize a three-partite
septum in the lumen of the TCJ (Figure 1C,
indicated by I, II, and III), which was sup-
ported by computer simulations. Hence,
the molecular structure of Aka perfectly
correlates with the earlier interpretation
from electron microscopy. This unique
protein now provides a tool to further
analyze the sequence of events leading to
the formation of TCJs. Given the expres-
sion of Aka in the nervous system, it may
be interesting to explore whether it, like
Tricellulin in vertebrates, plays a role in
sealing the blood-brain barrier.REFERENCES
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